Objective: PARP inhibitor therapy was intensively investigated in colorectal cancer (CRC). Therefore, our aim was to investigate the potential association of DNA repair protein PARP-1 with cancer stem cell CD133 and DNA cell cycle abnormalities in colorectal cancer patients and ulcerative colitis (UC) as a diagnostic tool for differential diagnosis, evaluation of tumor progression and prediction of patient's disease outcome to benefit in therapeutic response. Materials and Methods: Thirty seven (20 colorectal cancer and 17 Ulcerative colitis) patients and ten tissue specimens of normal colon mucosa used as non-disease control group. Tissue specimens from all individuals were collected at surgery and examined for PARP-1, CD133 and DNA Cell cycle by flow cytometry. Results: CD133 and PARP-1 were gradually increased from UC to CRC (p<0.0001) in CD133 and PARP-1 (p=0.02). DNA cell cycle abnormalities showed significant difference between CRC and UC groups only in G2/M (p<0.0001). CRC showed higher expression of CD133 in Stage III compared to stage I (p=0.01) but the difference in tumor site was recorded between transverse colon and rectum in S phase (p=0.04) and G0/1 (p=0.016) and between transverse and Lt Colon in G0/1 (p=0.016). Multiple regressions for PARP-1, CD133 and G2/M showed higher prediction for CRC progression. Conclusion: PARP-1, CD133 and G2/M could be considered as additional biomarkers to increase the diagnostic potential in CRC patients, in predicting tumor development and monitoring therapeutic response.
INTRODUCTION:
Ulcerative colitis (UC) is a chronic inflammatory bowel disease with an increased risk of developing colorectal cancer (CRC) [1] . Chronic inflammation in UC is considered to cause colonic epithelial injury, repair and regeneration, or UC-CRC development [2] . CRC is one of the most common diagnosed malignancies in the world [3, 4] . Although Biochemistry letters, 14(12) 2019, Pages 156-166 patients with early stage CRC generally have a good prognosis, patients with metastatic disease to lymph nodes (stage III) or distant organs (stage IV) have marked increased recurrence and mortality rates. Therefore, approximately 50% of patients present with advanced disease requiring multimodal therapy including surgery and chemotherapy [5] .
Several studies have identified subpopulations of colorectal cancer cells that are more resistance to cancer treatment such as chemotherapeutic and radiation [4, 6] . These cells are often referred to as cancer stem cells (CSCs) or tumorinitiating cells, and successful treatment is dependent on the elimination of these highly resistant subpopulations [7] . CSCs were first identified by John Dick in acute myeloid leukemia in the late 1990s. CSCs are cancer cells with features associated with normal stem cells, specifically the ability to give rise to all cell types found in a particular cancer sample. CSCs are therefore tumorigenic (tumor-forming), may be in contrast to other nontumorigenic cancer cells [8] .
CSCs were detected in many tumor types using specific markers, such as c-kit, CD133, CD90, CD44, CD326 and OV6, and it has been proposed that they are the origin of circulating tumor cells [9, 10] . CD133+ population is enriched in many tumor tissues including CRC [11] . CD133 (also called Prominin-1) is believed to be associated with tumorigenicity and progression of the disease. The upregulation of CD133 in colorectal cancer correlates strongly with poor prognosis and synchronous liver metastasis [12] , although the precise role and function of CD133 is unknown.
Colorectal cancer is one of the most common tumor entities which are causally linked to DNA repair defects and inflammatory bowel disease (IBD). The role of DNA repair protein poly(ADPribose) polymerase-1 (PARP-1) in CRC and tissue microarray analysis revealed PARP-1 over expression in human CRC, correlating with disease progression [13] . PARP-1 is a nuclear enzyme belonging to the DNA damage surveillance network and a founding member of the PARP superfamily [14] . Following DNA strand breaks generated by genotoxic stress such as chemotherapy, PARP catalyze transfer of ADP-ribose polymers to downstream substrates that include numerous DNA repair enzymes, facilitating DNA repair [15] . Consequently combining the standard chemotherapy agents with drugs that inhibit the DNA repair mechanism such as PARP inhibitor will theoretically create synthetic lethality [16] . Therefore, this study was conducted to correlate DNA repair protein PARP-1 and CD133 cancer stem cell with DNA cell cycle abnormalities in colorectal cancer patents and ulcerative colitis.
SUBJECTS AND METHODS
The present study involved thirty seven (17 men and 20 women, mean age 45.73±15.74 years) patients admitted at Gastroenterology surgical center, Mansoura university, Egypt. Tissue specimens of all cases were collected at surgery; one part fixed in neutral buffered formalin, embedded in paraffin and processed for histopathological diagnosis and the other part was stored at -70ºC until used. All cases were grouped according to the pathological diagnosis into 17 (mean age 38.47±13.7 yrs) cases with UC and 20 (mean age 51.9±14.96 yrs) cases with CRC. Also, ten tissue specimens of normal colon mucosa (4 men and 6 women; mean age 42.6±15.4 yrs) were used as non disease control group. A written informed consent to use the samples and clinical data for research purposes was obtained from all patients before starting the study protocol according to the ethical guidelines of Helsinki Declaration (World Medical Association, 2014). The study protocol was approved by the institutional review board of the Gastroenterology Surgical Center, Mansoura University, Egypt. Blood samples were collected from colorectal patients and examined for tumor markers CEA (BIOTECH, Cairo, Egypt) and CA19-9 (Enzyme immunoassay test kit, Catalogue No. TM E-4500, LDN Labor Diagnostika Nord GmbH Co. KG, Germany). Fresh tissue specimens were processed for flow cytometric analysis of CD133, PARP-1 and DNA cell cycle. DNA cell cycle abnormalities was detected using propidium iodide (Sigma Aldrich Co., USA) and flow cytometric analysis of cancer stem cell marker CD133 (TMP4, eBioscience Inc., Alfymetrix Company, www.eBioscience) and biomarker for DNA repair protein PARP-1 [BD Pharmingen TM PARP antibodies, Clone 4C10-5 (Cat No. 556494), Clone 7D3-6 (Cat No. 55493), and Clone C2-10 (Cat No. 556362)] was also performed according to the manufacturer's protocols using fluorescent labeled antibodies.
Statistical analysis
Statistical analysis was performed using SPSS 17.0 (version 17, Sydney, NSW, Australia). Data were expressed in continuous variables as mean±SD and categorical variables as frequencies and percentages.
The significance in continuous variables was calculated in Kruskal Wallis and Mann-Whitney U test. The association between variables was analyzed using Spearman correlation's coefficient and linear regression analysis was used for predictions. Differences between variables were considered significant at p<0.05 [17] . Table (1) . Thirty seven (17 men and 20 women; mean age 45.73±15.74 years) patients admitted at Gastroenterology Surgical center were histopathologically categorized into: 17(45.9%) patients diagnosed as UC and 20 (54.1%) patients diagnosed as CRC. Also, ten tissue specimens of normal colon mucosa (4 men and 6 women; mean age of 42.6±15.4 years) were included as non disease control group. Clinicopathological characteristics and Flow Cytometric analysis of CD133, PARP-1 and DNA cell cycle in all study groups were listed in ( Table 2) . There is no significant difference as regard to gender or HCV viral infection but in age significant difference was recorded between CRC and UC (51.9±14.96 vs 38.47±13.7, p=0.012). Serum level of CEA and CA19-9 was recorded in all CRC patients and in only 9 UC showing significant difference in CA19-9 between UC and CRC (p=0.027). DNA cell cycle in CRC was differed compared to control group as regard to G0/1 (56.7±11.5 vs 81.3±0.8, p<0.0001), S phase (22.03±17.4 vs 0.88±0.19, p=0.001) and G2/M (11.87±5.7 vs 0.23±0.08, p<0.0001). Also, highly significant difference (p<0.0001) was detected between UC and control groups as regard to G0/1 (59.2±16.3 vs 81.3±0.8), S phase (21.26±10.93 vs 0.88±0.19) and G2/M (4.79±4.17 vs 0.23±0.08). Cell cycle abnormalities between CRC and UC was detected only in G2/M (11.87±5.7 vs 4.79±4.17, p<0.0001). Flow cytometric analysis of CD133 and PARP-1 (table 2) showed significant difference (p<0.0001) between CRC and control group in CD133 (54.4±7.28 vs 18.96±2.1) and PARP-1 (45.9±15.9 vs 21.53±5.52). UC and ND groups showed significant difference in CD133 only (38.5±10.9 vs 18.96±2.1, p<0.0001). CRC compared to UC showed CD133 (54.4±7.28 vs 38.5±10.9, p<0.0001) and PARP-1 (45.9±15.9 vs 31.4±22.9, p=0.02). Incidence of CD133, PARP-1 and DNA cell cycle in UC was recorded according to the severity of the disease (table (3). Severe and moderate activity of UC differed significantly in CD133 (p=0.006), PARP-1 (p=0.044) and G2/M (p=0.017). Also, severe and mild active UC showed significant difference in PARP-1 and G2/M (p=0.01). However, no significant difference was detected between moderate Biochemistry letters, 14(12) 2019, Pages 156-166 and mild active UC patients. In CRC patients, PARP-1, CD133 and DNA cell cycle abnormalities was recorded with different stages and in different location of CRC (table 3) . Significant difference was recorded between stage I and III only in CD133 (p=0.021) but as regard to tumor site, transverse colon showed significant difference with rectum in S phase (p=0.04) and G0/1 (p=0.016). Also significant difference was recorded between transverse colon and Lt colon in G0/1 (p=0.016). Significant correlation between CD133 with PARP-1 and G2/M in disease group patients was illustrated in figure (1) . In UC patients, PARP-1 and CD133 showed positive correlation with G2/M (rho=0.489, p=0.046 and rho=0.553, p=0.021 respectively). Also, PARP-1 was correlated significantly with CD133 (rho=0.525, p=0.03) and S phase (rho=0.601, p=0.011) but negative correlation was recorded with Sub G1 (rho=-0.656, p=0.004). In CRC patients, significant positive correlation was recorded between PARP-1 and G2/M (rho=0.486, p=0.03) but negative correlation was recorded between S phase and Sub G1 (rho=-0.598, p=0.005) and G0/1(rho=-0.642, p=0.002). Multiple regression analysis showed significant prediction for PARP1, CD133 and G2/M in CRC development as independent predictors ( [20] . Basbug et al. [21] found that mean values of CA19-9 were elevated in CRC than controls concluding that CA19-9 should be used for the study of this kind of malignancy, and this is in agreement with our results showed higher expression of CA19-9 in CRC compared to UC patients (p=0.027). Recently, a number of studies have demonstrated that cancer stem cells (CSCs) present in CRC tissues, are responsible for resistant to conventional therapies [18] and multiple cell surface and enzymatic markers have been characterized to identify CSCs within a heterogeneous tumor [22] . CD133 is currently considered the most robust surface marker for colorectal CSCs [23] . However, the clinical and prognostic significance of CD133 expression in CRC remains unclear, it is therefore of great interest to study the role of CD133 in CRC and UC patients and its correlation with the clinicopathological characteristics and DNA cell cycle analysis. CD133expression was associated with the degree of tumor differentiation and tumor size suggesting that CSCs might play a critical role in the progression of colorectal cancer [23] . Currently, CD133 showed significant elevation in CRC patients compared to UC and control group (p<0.0001) and the difference in CD133 expression was recorded with tumor stage (p=0.021) but no significant difference as regard to tumor site. Also, UC patients showed comparable elevation of CD133 expression (p<0.0001) to control group and significant difference was noted with higher activity of UC (p=0.006). Based on above reports and our data, CD133may play a significant role in CRC development and disease progression. CRC is one of the most common tumor entities which are causally linked to DNA repair defects and inflammatory bowel disease (IBD). Poly(ADP-ribose) polymerase-1 (PARP1) is a DNA repair protein and part of the genome maintenance network [13] . Here, we found that PARP-1is abundantly expressed in human CRC (p<0.0001) compared with non disease control and UC patients (p=0.02), PARP-1 expression was progressively increased with tumor stage correlating with disease progression consistent with Dörsam et al. [13] . Sulzyc-Bielicka et al. [24] reported a significant association of PARP-1 expression with the site of CRC and Astler-Cooller Stage. PARP-1 expression in UC patients showed also significant difference compared to control group (P<0.0001) and CRC (P=0.02) and higher expression of PARP-1 was differed between severe and moderate (p=0.04) and between severe and mild active patients (p=0.01); therefore, PARP-1 may play an important role in carcinogenesis of CRC [25, 26] . It was well established that the loss of key cell cycle check points is a hall mark of cancer cells, which lead to abnormal proliferation and facilitates oncogenic transformation [27] . Analysis of DNA cell cycle in current study showed significant difference between CRC and control group as regard to G0/1 (p<0.0001), S phase (p=0.001) and G2/M (p<0.0001). Also, highly significant difference (p<0.0001) was detected between UC and control group as regard to G0/1, S phase and G2/M. CRC and UC groups showed significant difference only in G2/M (p<0.0001). CD133+ CSCs have shown resistance to chemotherapy and radiotherapy due to their slower cell cycle, lower proliferation, and higher expression of DNA repair and anti-apoptotic genes [28, 29] . Currently, CD133 was associated with higher expression of PARP-1 and G2/M in CRC suggesting the clinical significance of PARP inhibitor for CRC patients [30] and regression analysis of PARP-1, CD133 and G2/M showed significant prediction in CRC development. Thus, PARP inhibition with chemotherapy was suggested to impair the ability of cancer initiating cells to drive CRC maintenance and recurrence and the assessment of tumor samples may improve selection of CRC patients for PARP inhibitor therapy [24] . CONCLUSION Our results suggest that PARP-1 could be used simultaneously with CD133 and G2/M as independent predictors for monitoring tumor progression and therapeutic response in colorectal cancer patients and also to improve selection of CRC patients to PARP inhibitor therapy. ACKNOWLEDGEMENT We would like to express our gratitude to members from the Gastroenterology Center in Mansoura for their collaboration during the study.
RESULTS

Demographic and clinicopathological characteristics of all patients were listed in
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